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Abstract 

Background  The generation of clean and affordable energy by 2030 is a challenging task, necessitating the integra-
tion of renewable energy sources to reduce greenhouse gas emissions associated with coal, crude oil, and natural 
gas. This study examines the optimization and performance analysis of a hybrid microgrid for a university campus as a 
potential solution to achieve this goal. The primary objective is to decrease the cost of energy and reduce CO2 emis-
sions on the campus using a hybrid approach.

Results  The Howard college campus of the University of KwaZulu Natal (UKZN) was used as a case study, with mete-
orological data obtained from NASA and real hourly electrical load data for 2019 from the university smart meters. 
HOMER, an optimization software, was employed to model and simulate the case study. The results demonstrated 
significant savings of R15.7 million (approximately $ 820 000) in annual utility bills, a 51% reduction in CO2 emissions, a 
return on investment of 20%, and a payback period of 4 years.

Conclusion  The study’s findings suggest that universities can become self-sustaining during load shedding periods, 
as recently experienced in South Africa. The implementation of a hybrid microgrid system on a university campus 
offers considerable economic and environmental benefits, providing a potential blueprint for other large institutions 
seeking to achieve similar sustainability goals.

Keywords  Hybrid microgrid, University campus, Renewable energy sources, Greenhouse gas emissions, Cost of 
energy, CO2 reduction, Optimization, HOMER software, Load shedding, Sustainability

Background
A university campus serves as an excellent setting to 
model a microgrid, given the close proximity of various 
structures like dormitories, administrative buildings, lec-
ture halls, labs, and athletic facilities, as well as a signifi-
cant student population. These elements make campuses 
akin to small cities or towns. Implementing a microgrid 

within a college setting can help achieve various goals, 
including education, research, cost reduction, and low-
ering emissions. With numerous daily activities, such as 
machinery in labs, heating and cooling systems, and light-
ing, energy consumption on campuses can be substantial. 
Generally, these campuses rely on national power grids, 
which utilize fossil fuels like coal, natural gas, and oil, 
ultimately contributing to greenhouse gas emissions (Tu 
et  al. 2015; Elenkova et  al. 2017; Leal Filho et  al. 2019; 
Vourdoubas 2019). In 2015, the United Nations estab-
lished a set of 17 objectives, known as the Sustainable 
Development Goals (SDGs), with a target completion 
date of 2030. The primary focus of one of these goals 
(SDG 7) is to guarantee universal access to dependable, 
affordable, contemporary, and eco-friendly energy by the 
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year 2030 (Rebelatto et al. 2019). As a result, higher edu-
cation institutions ought to promote sustainable energy 
through academic inquiry, sharing essential information, 
raising awareness both within and beyond their institu-
tions, and by designing and implementing sustainable 
energy models on their campuses (Dehghanmongabadi 
and Hoşkara 2018; Salvia et  al. 2020). According to Tu 
et  al. (2015), American universities are promoting the 
idea of sustainability among their students, faculty, staff, 
and the community. Similarly, universities worldwide are 
implementing sustainability schemes for their short- and 
long-term benefit (Hasapis et al. 2017). Some universities 
have also reviewed their energy policies and explored dif-
ferent energy resources to improve energy efficiency on 
their campuses (Makkonen et al. 2013). In the past dec-
ade, higher education institutions globally have funded 
renewable energy systems (RESs) to reduce energy 
demand and greenhouse gas (GHG) emissions in line 
with the Nearly Zero Energy Buildings (NZEB) concept. 
This has led to the implementation of microgrids on uni-
versity campuses. Figure 1 in the article shows an instal-
lation of solar photovoltaic (PV) panels on the roof of a 
building at the Durban University of Technology (DUT), 
Steve Biko campus. The installation comprises a 5  kW 
inverter and 48  V, 50  AH lithium-ion battery (SDA10-
4850). The system is connected to the grid and mainly 
used for practical experiments and to provide lighting in 
the offices during load shedding. College campuses can 
serve as experimental grounds for the development, test-
ing, and deployment of advanced technologies related to 
intelligent energy systems through on-campus research 
initiatives. As a result, higher education institutions can 
act as ideal examples for decreasing fossil fuel consump-
tion and enhancing energy management through the 

investigation, advancement, and integrated implemen-
tation of energy-saving solution (Elenkova et  al. 2017; 
Rebelatto et  al. 2019; Hadiyanto et  al. 2018). Higher 
education institutions face various challenges that may 
hinder the expansion of microgrids, including environ-
mental, technical, and financial limitations. However, the 
implementation of a microgrid within a college setting 
is not only technically viable but also economically and 
geographically feasible, owing to specific factors (Hadjid-
emetriou et al. 2018):

•	 Unified management oversees all distributed energy 
resources (DERs) and loads.

•	 Proximity and connection of loads and DERs within a 
shared network.

•	 Connection of the campus to the primary utility grid 
at a shared coupling point (PCC).

The HOMER software, created for distributed power 
applications, has been selected as the optimization tool 
for this study due to its widespread use in renewable 
energy endeavors. HOMER software’s selection for this 
research is rooted in its comprehensive microgrid opti-
mization capabilities and its wide acceptance and use in 
various global studies, including those in South Africa 
(Motjoadi et al. 2022). HOMER is acclaimed for its adept-
ness at managing intricate aspects of optimal power sys-
tem design by considering a diverse range of resources, 
numerous configurations, and various other param-
eters (Perera et  al. 2013). In the South African context, 
HOMER has played a pivotal role in numerous studies. 
For instance, a case study on the design and simulation 
of a grid-tied power supply system using HOMER for 
Lebowakgomo, South Africa was presented by Motjoadi 

Fig. 1  A roof-mounted solar PV at DUT
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et al. (2022). The study aimed to tackle challenges that the 
South African power grid network faces, such as frequent 
power failures and load shedding. They proposed inte-
grating renewable energy sources, like solar and wind, 
with battery systems to offer additional power sources 
and backup batteries during downtimes. HOMER soft-
ware was used to simulate and analyse the most viable 
techno-economic option for the Lebowakgomo com-
munity. The study found a blend of energy systems such 
as solar PV, wind turbine, national grid inclusion, diesel 
generators, and battery systems integrated with convert-
ers as the most feasible choice. This method can decrease 
reliance on the national grid while ensuring a dependable 
and sustainable power supply to the community, high-
lighting the potential benefits of integrating renewable 
energy sources with battery systems in addressing power 
interruptions and load shedding in South Africa (Mot-
joadi et al. 2022).

This paper’s primary contribution is suggesting an 
optimal hybrid power system for a university campus 
microgrid, taking into account technical, economic, and 
environmental factors. The proposed microgrid model 
pursues two objectives: maximizing annual utility bill 
savings and minimizing CO2 emissions. HOMER ranks 
simulation outcomes based on net present cost (NPC), 
with the lowest value representing the best configuration. 
However, this study takes both objectives into account 
when recommending the optimal configuration for the 
case study in question. The remainder of the paper is 
organized as follows: section “Methods” outlines the 
methodology, including the case study details and the 
modeling of hybrid renewable energy system (HRES) 
components. Section “Results” presents and discusses 
the simulation results, while the conclusions are shared 
in the final section.

Methods
Description of the case study
Universities in South Africa are connected to the national 
grid operated by ESKOM, which primarily generates 
electricity from aging and unreliable coal-fired power sta-
tions. This has led to frequent load shedding across the 
country and has impacted the grid’s reliability. Conse-
quently, consumers, including residential, industrial, and 
commercial sectors, are increasingly seeking renewable 
energy sources. Universities are also exploring alternative 
energy sources during load shedding, with some install-
ing solar PV on building rooftops, although these instal-
lations are often not integrated to meet the university’s 
total electrical load demand. As a result, the importance 
of both grid-connected and off-grid hybrid power sys-
tems on university campuses is growing. The University 
of KwaZulu-Natal (UKZN) was established in January 

2004 after merging Natal University and the University of 
Durban-Westville. UKZN operates five campuses in two 
major cities in KwaZulu-Natal province: Durban and Pie-
termaritzburg. These campuses include Edgewood Cam-
pus, Nelson Mandela Medical School Campus, Howard 
College Campus (Fig. 2), Pietermaritzburg Campus, and 
Westville Campus. UKZN serves over 46,000 students 
across these campuses in various undergraduate and 
postgraduate programs. This study used the Howard Col-
lege Campus as a case study. The campus offers programs 
in Science, Environmental, Engineering, Management 
Studies, Humanities, Law, and Social Sciences. The aerial 
view of the campus, situated on a hill, reveals a signifi-
cant area covered with buildings that have potential for 
solar PV panel installation. Additionally, the campus has 
vacant land that could accommodate a solar PV farm on 
the order of 10 MW.

Weather data of howard college campus
University campuses are a promising platform for the 
deployment of renewable energy source (RES) to meet 
energy demand, minimize carbon footprints on campus 
and can be characterized as a smart city. The meteoro-
logical data for the campus as seen in Figs. 3 and 4 were 
acquired from NASA website. The annual mean wind 
speed and yearly average temperature for Durban were 

Fig. 2  Aerial of Howard college campus (UKZN. "Campuses." 2020)

Fig. 3  Global horizontal irradiance, Durban
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4.78 m/s and 18.53 °C respectively while the annual mean 
global horizontal irradiance (GHI) was 4.71 kWh/m2/day.

Load data
Energy demand on the university campus defers depend-
ing on academic disciplines; for example, engineering 
and science departments are equipped with experimen-
tal facilities and heavy machinery that consume a sub-
stantial amount of power. Also, the campus has student 
residences that contribute to the entire campus load 
inform of lighting, heating, cooking. Other loads include 
electronics (computers, printers, photocopiers) and air-
conditioning (Leal Filho et  al. 2019). The real-time load 
data used for the simulation in HOMER was downloaded 
for smart energy meters installed on the campus. Figure 5 
shows the half-hourly load data for 2019. The total energy 
consumed on the campus for 2019 was 18.84 GWh.

Tariff structure
The Howard College campus at the University of KwaZulu-
Natal is linked to the national power grid through the 
eThekwini electric system, which employs a time-based 
pricing structure (TOU) (IRENA 2019). This approach 
allows users to control power usage manually or automati-
cally, reducing expenses. The cost of electricity varies based 
on the hour and season, enabling the utility company to 
apply different rates during high- and low-demand periods, 

encouraging consumers to adjust their power consump-
tion to less busy times (IRENA 2019). The timeframes for 
the time-based pricing during the summer season (low 
demand, September 1 to May 31) and the winter season 
(high demand, June 1 to August 31) are presented in Fig. 6, 
with Table  1 showing the corresponding charges (eThek-
wini, "19, 20 Tariff booklet," e. 2020) Despite the availabil-
ity of various customizable rate options in HOMER, the 
eThekwini electric TOU pricing plan was integrated into 
the HOMER software’s library and utilized for the simula-
tion (eThekwini, "19, 20 Tariff booklet," e. 2020).

Modelling of HRES components and techno‑economic 
analysis with HOMER
A schematic diagram of a typical hybrid power system 
consisting of several components such as RES (hydro, 
solar, wind) energy storage system (battery, flywheel, 
supercapacitor), bidirectional converter (inverter), con-
ventional energy source (utility grid, diesel generator), 
etc. is shown in Fig.  7. The mathematical modelling of 
some components used in this paper are described below, 
while the parameters of the HRES microgrid components 
is given in Table 2

Photovoltaic (PV) panel
Photovoltaic panels or arrays are employed to gener-
ate electrical energy by converting solar radiation into 
electrical power. The hourly energy generated by the 
PV panel can be calculated from Eq. (1) (Adefarati et al. 
2019; Kaur et al. 2020).

The rated capacity of the PV panel or array is repre-
sented by CPV (kW), while the derating factor of the 
PV array (in %) is denoted by DPV. IT refers to the solar 
radiation incident on the PV array (kW/m2) at the cur-
rent time step, and αP is the temperature coefficient of 
power (%/°C). The solar radiation under standard test 
conditions (1 kW/m2) is indicated by IT,STC, while TC is 
the PV cell temperature (°C) and TC,STC signifies the PV 
cell temperature under normal test conditions (25  °C). 
The PV panels have a lifespan of 25 years, and no tracking 
system is installed. If the temperature effect on the PV 
array is disregarded, meaning the temperature coefficient 
of power is considered zero, the Eq. (1) can be modified 
as follows:

HOMER incorporates the derating factor to account 
for factors like cable losses, panel dirt accumulation, 

(1)

PPV = CPVDPV

(

IT

IT ,STC

)

[1+ αP(TC − TC ,STC)]

(2)PPV = CPVDPV
IT

IT ,STC

Fig. 4  Wind speed and temperature, Durban and Pietermaritzburg

Fig. 5  Howard College Campus load profile
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shading, aging, and snow coverage. Solar PV producers 
determine their modules’ power output using standard 
test conditions (STC), which include 1  kW/m2 irradi-
ance, a cell temperature of 25  °C, and no wind. How-
ever, these standardized testing conditions do not 
represent typical operational scenarios, as cell tempera-
tures under full sunlight often exceed 25  °C (HOMER, 
"HOMER 2020).

Wind turbine (WT)
Wind turbines are designed to convert rotational 
kinetic energy into electrical energy. The mechanical 
power produced by a wind turbine is proportional to 
the blade area (A) in square meters, the wind veloc-
ity (V) in meters per second at hub height, and the air 
density (ρ) in kilograms per cubic meter. Equation  (3) 
is used to calculate the power generated by a wind tur-
bine (Feroldi and Zumoffen 2014; Akhtari and Baneshi 
2019).

Fig. 6  Tariff plan (eThekwini, "19, 20 Tariff booklet," e. 2020)

Table 1  Energy charges

Energy charges (R/kWh)

Season Peak Standard Off-Peak

Summer 1.12 0.80 0.54

Winter 3.24 1.04 0.61

Fig. 7  A typical block diagram of HRES
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HOMER relies on the wind turbine’s power curve to 
compute an estimate of the rated wind turbine power 
output at that wind speed, under normal temperature 
and pressure conditions. HOMER remarkably increases 
the power value expected by the power curve by the air 
density ratio, by using Eq.  (4) to calculate the perfor-
mance of the wind turbine, PWT in kW.

In this context, PWT,STP refers to the wind turbine’s out-
put at standard temperature and pressure in kilowatts, 
while ρ symbolizes the actual air density (kg/m3), and 
ρ0 denotes the air density at maximum temperature and 
pressure (1225 kg/m3), respectively.

Diesel generator (DG)
Diesel generators are often incorporated into hybrid 
power systems, especially for off-grid applications or 
islanding situations, to address the intermittency of 
renewable energy sources and enhance system reliability 
by compensating for power shortfalls. A diesel generator 
is composed of a diesel engine and a control system. The 
correlation between the power output of a single diesel 
engine, Pengine(t), and its fuel consumption at a given time 
t, Vfuel(t) in liters per hour, can be determined by Dawoud 
et al. (2018).

In this context, α signifies the no-load fuel consump-
tion in liters per hour, and β denotes the relationship 

(3)Pwind =
1

2
ρAV 3

(4)PWT =

(

ρ

ρ0

)

PWT ,STP

(5)Vfuel(t) = α + βPengine(t)

between diesel fuel and power output in liters per kWh. 
HOMER assumes a linear function for the fuel curve. 
Equation  (6) demonstrates the connection between the 
diesel generator’s fuel consumption, F in liters per hour, 
and its electrical power output in kilowatts.

In this case, F0 refers to the intercept fuel curve coef-
ficient (liters per hour per kilowatt), F1 indicates the slope 
of the fuel curve (liters per hour per kilowatt), Ygen rep-
resents the estimated diesel generator power (kW), and 
Pgen stands for the diesel generator’s electrical output 
(kW) (HOMER, "HOMER 2020).

Techno‑economic analysis and optimization with HOMER
The success of any hybrid power system project relies 
on accurate economic analysis and technical design. 
Technical design involves precise sizing of hybrid sys-
tem components to meet demand throughout the year. 
HOMER software (Pro and Grid) is extensively used 
by researchers, project managers, and investors as an 
optimization tool for modeling and analyzing hybrid 
power systems. The objective is to minimize electric-
ity costs by reducing demand charges and optimizing 
the use of available renewable energy sources at the 
site, ultimately reducing greenhouse gas emissions. 
The project’s economic viability is evaluated using 
key financial performance indicators (FPIs) such as 
net present cost (NPC), cost of energy (COE), inter-
nal rate of return (IRR), payback period (PBP), and 
return on investment (ROI) (Gu et  al. 2018). In this 
study, HOMER Grid (Pro Edition) was employed to 
simulate the proposed hybrid power system. HOMER 
ensures an energy balance between power sources and 

(6)F = F0Ygen + F1Pgen

Table 2  Parameters of the HRES microgrid components

System component Description Capital cost (R) Replacement 
cost (R)

O & M cost R/year Operating 
lifetime 
(Year)

Other details

PV Fronius Symo 20.0-3-M 35,000 35,000 700 25 Efficiency:7.3%
Operating Temp: 45 °C
Capacity: 5 kW

Wind turbine Norvento nED 24 1,000,000 1,000,000 20,000 20 Capacity:100 kW
Hub height:36 m

Diesel generator Generac 100 kW 250,000 250,000 250 15,000 h Minimum load: 30%

Battery Lead Acid (ASM) 16,000 16,000 160 5 Initial SOC:90%
Min SOC: 40%
Max charge current: 167 A
Max discharge current: 500 A
Nominal Capacity (kWh):1.03
Maximum Capacity (AH):513

Power converter System Converter 30,000 30,000 300 15 Efficiency: 95%
Relative capacity: 100
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load demand for each hour of the year (8760  h) dur-
ing the simulation. Essentially, it compares the total 
load (thermal and electrical) for a given hour to the 
available system energy for that hour and makes deci-
sions accordingly. For systems that include storage ele-
ments (like batteries or fuel cells) or diesel generators, 
HOMER decides at each hour whether to discharge 
or charge the storage and whether to run the genera-
tors (HOMER, "HOMER 2020; NREL, "HOMER 2004). 
HOMER uses two optimization algorithms: an initial 
search algorithm that simulates all feasible system 
structures within the search space and a proprietary 
derivative-free algorithm that finds the most cost-
effective system. HOMER then provides a ranked list 
of setups and configurations, starting with the lowest 
net present cost (NPC) or lifecycle cost, allowing for 
comparison between various system design alterna-
tives (Olatomiwa et  al. 2015). HOMER accounts for 
unforeseen factors, including uncertain input param-
eters such as interest rates, inflation rates, fuel prices, 
solar radiation, and wind speed. Sensitivity analysis is 
conducted by defining these variables before optimi-
zation. Multiple values for each variable are entered, 
and HOMER repeats the optimization process for 
each sensitivity variable. Value, demonstrating how the 
results are affected. (HOMER. HOMER 2020). Sensi-
tivity analysis was not carried out in this work.

Results
The HOMER Grid software simulation results, including 
the base case (grid only) and five hybrid systems, are pre-
sented in Table  3. The optimal hybrid configuration for 
the HC campus is a Photovoltaic–Wind Turbine–Diesel 
Generator–Grid (PV–WT–DG–G), with a Net Present 
Cost (NPC) of R375,167,800, a Cost of Energy (COE) of 
R1.044, and annual utility bill savings of R15,668,490. 
This configuration also has the lowest CO2 emissions 
among the assessed systems, amounting to 5805.2  tons/
year. The existing system’s annual energy purchased is 
18,857,939 kWh, which is close to the actual smart meter 
reading of 18,842,623  kWh. With the optimal hybrid 
system in place, the annual energy purchased drops to 
9,218,890  kWh, and with net metering, the net energy 
purchased is only 3,100,567 kWh. The investment details, 
such as the payback period of approximately four years 
and an internal rate of return (IRR) of 24.83%, are sum-
marized in Table 3. Figure 8 showcases the monthly util-
ity bills for the current system and the proposed hybrid 
system, while Fig.  9 illustrates the cumulative cash flow 
over the project’s 25 year lifespan.

Discussion
Table 3 provides a comprehensive comparison of the base 
case and five hybrid systems, highlighting the optimal 
PV–WT–DG–G configuration that maximizes utility bill 
savings and minimizes CO2 emissions. This configuration 

Table 3  Simulation results for Howard College Campus

Economic metrics Base case WT–DG–G PV–WT–DG–G WT–DG–B–G PV–WT–G WT–G

Payback (years) N/A 3.9 4.0 4.1 4.0 3.9

COE (R/kWh) 1.932 1.044 1.044 1.084 1.047 1.048

IRR (%) N/A 25.2 24.83 23.91 24.78 25.16

NPC (R) 523 447 300 374 855 300 375 167 800 382 357 200 376 294 700 375 957 300

Annual utility bill saving (R) N/A 15 579 110 15 668 490 15 435 600 15 559 530 15 472 240

Environmental metrics

CO2 emissions (metric ton/yr) 11 918.20 5 827.90 5 805.20 5 895.00 5 804.9 5 827.6

Annual fuel consumption (l/yr) N/A 610 617 616 N/A N/A

Fig. 8  Utility Bills (monthly)
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suggests the addition of 135 kW of solar power, 100 kW 
of generator capacity, and 59  kW of wind generation 
capacity, which would decrease the annual utility bill to 
R19.3 million.

Figure 8 clearly demonstrates the cost savings achieved 
by implementing the optimal hybrid configuration com-
pared to the current system, indicating its effectiveness 
in reducing the monthly utility bills for the campus. The 
figure also emphasizes the benefits of utilizing the PV–
WT–DG–G configuration, as it offers the same COE 
as the WT-D-G setup but provides greater savings and 
reduced emissions.

Figure  9 offers insights into the long-term financial 
viability of the project, as it displays the cumulative cash 
flow for the entire 25  year lifespan. The figure supports 
the claim that the optimal hybrid system can generate a 
positive return on investment, with a payback period and 
IRR presented in Table 3. The data in Table 4 emphasizes 
the financial attractiveness of the PV–WT–DG–G con-
figuration, indicating a relatively short payback period 
and a high IRR, making it a favorable choice for the cam-
pus. The results also show that the current system relies 
heavily on grid connection, while the proposed hybrid 
system can substantially reduce the energy purchased 
from the grid, resulting in significant savings and envi-
ronmental benefits.

The findings from Table 3, Figs. 8 and 9 have signifi-
cant policy implications for the promotion of renewable 

energy and hybrid systems in educational institutions 
and beyond. These implications include:

Financial incentives: Policymakers should consider 
providing financial incentives, such as grants, tax cred-
its, or feed-in tariffs, to encourage the adoption of 
renewable energy and hybrid systems like the PV–WT–
DG–G configuration. The demonstrated cost savings 
and reduced emissions make these systems an attrac-
tive and environmentally responsible choice.

Energy transition targets: The results highlight the 
potential for renewable energy and hybrid systems 
to contribute to a country’s energy transition targets. 
Policymakers should integrate these systems into their 
national and regional energy plans, setting ambitious 
goals for renewable energy generation and CO2 emis-
sions reduction.

Grid infrastructure and regulations: The findings 
emphasize the need for updated grid infrastructure 
and regulations to accommodate renewable energy 
and hybrid systems. Policymakers should invest in grid 
modernization and formulate supportive regulatory 
frameworks that promote grid interconnectivity, energy 
storage, and smart grid technologies.

Educational institutions as role models: Given the 
demonstrated benefits of the PV–WT–DG–G configu-
ration in the campus setting, educational institutions 
can serve as role models for the broader community by 
adopting renewable energy and hybrid systems. Poli-
cymakers should encourage such institutions to lead 
by example, showcasing the potential for clean energy 
solutions to reduce costs and minimize environmental 
impacts.

Capacity building and knowledge transfer: Policy-
makers should support the development of human 
resources and skills required to design, implement, and 
maintain renewable energy and hybrid systems. This 
may include promoting relevant educational programs, 

Fig. 9  Cumulative cash flow

Table 4  Summarized energy charges

Consumption 
charge

Demand 
charge

Fixed rate Total

Base case R29.2 M R5.74 M R54,000 R35.0 M

Proposed case R13.9 M R5.33 M R54,000 R19.3 M

Annual savings R15.3 M R413,154 R0.00 R15.7 M
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research, and industry partnerships that foster innova-
tion and knowledge transfer in the renewable energy 
sector.

Conclusion
An in-depth technical, economic, and environmental 
assessment of an optimized hybrid power system for a 
college campus has been conducted. This research pro-
poses an ideal configuration that maximizes the use 
of distributed energy resources (DERs) to reduce reli-
ance on the utility grid, leading to significant savings. 
The findings indicate that incorporating DERs into the 
campus energy mix can considerably lower energy costs 
and CO2 emissions. The savings on utility bills can be 
reinvested into on-campus renewable energy initiatives, 
such as installing solar panels on all buildings and invest-
ing in energy storage. This strategy would also decrease 
the expenses associated with diesel generators used as 
backup during power outages. Considering the frequent 
power outages affecting South Africans recently, it is 
essential to explore off-grid hybrid power systems for 
college campuses to achieve self-sustainability during 
load shedding. The impact of load shedding on university 
operations is immense, as it can disrupt lectures, labora-
tory experiments, office comfort, and internet connectiv-
ity across the entire campus. In light of these challenges, 
future research will focus on investigating suitable hybrid 
power systems for off-grid applications within a univer-
sity setting.
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